INTRODUCTION
Microporosity, caused by gas or shrinkage, is a common defect in castings.
Porosity formation in nickel base superalloys can be greatly affected by the casting conditions and by the chemical composition of the melt (1) . This work is concerned with the potential influence of minor chemical modifications of a few nickel-base superalloys on shrinkage porosity, sometimes called microporosity because of pore size.
From empirical correlations, it is sometimes concluded that cherr.ical modifications which tend to increase the freezing rang;e of an alloy increase microporosity in castings (2) (3) (4) The permeability, k, of a porous medium strongly depends on its internal structure (10). For our purpose it is sufficient to consider that k is proportional to f 13' 2 /cJ ,where fl is the volume fraction of liquid and 0 the specific area of liquid/solid interface (area of the interface per unit volume of mushy-zone).
Considering situations where the metal temperature is practically homogeneous at any time during freezing is a good starting point for the study of the casting of mushy freezing alloys.
In this case, the flow velocity is proportional to the rate of formation of the solid and to the solidification shrinkage 6. Therefore, in castings with zero temperature gradients and for a fixed rate of formation of solid, the local gradient of pressure drop during solidification is expected to depend only of fl, 0 and fi :
where A is a constant of proportionality. Table 2 . Controlled solidification was achieved for a distance of about 10 cm. The power was then turned off and the specimen was dropped through the hot zone and quenched in a water-cooled box. Temperature profile in the metal was known by recording the temperature versus time curve of a thermocouple moving with the solid with respect to the mushy zone.
After solidification, a longitudinal section containing the quenched mushy zone was taken and mounted first to identify the various phases precipitating from the melt and to determine the temperature at which they precipitate. Transverse sections of the mushy zone were then taken at known distances from the liquidus zone to carry out morphological studies.
Examples of such sections are shown in Fig. 1 . There appears to be a difference of about -20 K between our results on absolute values of temperature and those published by Burton (12) due perhaps to a different experimental set-up. Nonetheless melting of samples of high purity nickel was always observed at 1453OC in our apparatus. Top : Sa, the estimate for fl; middle : La, the estimate for o ; bottom : (Sa3/La2), the estimate for the permeability of the mushy zone.
STRUCTURE OF THE MUSHY ZONE
Results for IN 100 family and IN 792 family are reported separately on Fig. 3 since they correspond to slightly different thermal conditions during solidification.
In the upper part of Figure 3 , specific area of quenched liquid in transverse sections, S,, is plotted against (TL-T), where TL is the liquidus temperature and T the temperature of the section just before quenching ; the quantity S, is our estimate for fl, the volume fraction of liquid. In the middle part of Figure 3 , specific length of liquid/ solid interface in transverse sections, La, is plotted against ( T~-T 1 ; the quantity La is our estimate for 0, the specific area of liquid/solid interface. Different scales have been used since structures of IN 100 grown at higher solidification rates are finer than those of IN 792 grown at lower rates.
In the lower part of Figure 3 , the product (Sa3/La2) is plotted against (TL-T,). This quantity is our estimate for the product (f13/02) which is proportional to the permeability of the mushy zone ; the constant of proportionality is of the order of one half. During freezing, this quantity is observed to decrease continuously from infinity to more or less small values at the end of solidification.
The following conclusions can be drawn from Fig. 3 It is concluded that it is possible and useful to relate the intrinsic susceptibility of an alloy to form microporosity in castings and the estimate of the permeability of the mushy zone of the freezing alloy under standard thermal conditions.
